We consider the properties of a hyperaccretion model for gamma-ray bursts (GRBs) at the late time when the mass supply rate is expected to decrease with time. We point out that the region in the vicinity of the accretor and the accretor itself can play an important role in determining the rate and time behavior of the accretion and ultimately the energy output. Motivated by numerical simulations and theoretical results, we conjecture that the energy release can be repeatedly stopped and then restarted by the magnetic flux accumulated around the accretor. We propose that the episode or episodes when the accretion resumes correspond to X-ray flares discovered recently in a number of GRBs.
INTRODUCTION
Gamma-Ray Bursts (GRB) are generally believed to be powered by a hyperaccretion onto a compact, stellar mass object. The total amount of the available fuel is considered to be the key factor determining the burst duration. Within merger scenarios for short-duration GRBs, a neutron star (NS) is accreted onto another NS or onto a stellar mass black hole (BH; e.g, Eichler et al. 1989; Paczyński 1991; Narayan et al. 1992; Fryer et al. 1999) . Within the collapsar model for long-duration GRBs, up to 20 M ⊙ of a stellar envelope collapses of the star's core which is a NS or a BH (e.e., Woosley 1993; Paczyński 1998; MacFadyen & Woosley 1999; Popham, Woosley, & Fryer 1999; . For short-and long-duration events, the accretion rate,Ṁ a must be of order of 1 M ⊙ yr −1 , yielding the duration of less than a few seconds for the former and the duration as long as tens of seconds for the latter. The duration estimates are made under the assumption that all the available fuel is accreted during the GRB activity at a time-averaged constant rate.
Recent GRB observations obtained with Swift motive us to review the above assumption and some other aspects of GRB models. In particular, early X-ray afterglow lightcurves of nearly half long-duration GRBs show X-ray flares Romano et al. 2005; Falcone et al. 2005) . They are also found to follow the short-duration GRB 050724 (Barthelmy et al. 2005 ) whose host galaxy is early-type, which is consistent with the merger origin. The flares typically rise and fall rapidly, with the typical rising and falling time scales much shorter than the epoch when the flare occurs. Such a feature strongly supports the "internal" origin of the flares Fan & Wei 2005) , in contrast to the "external" origin of the power-law decay afterglows. The internal model not only offers a natural interpretation of the rapid rise and decay behaviors of the flares, but also demands a very small energy budget . Within this picture, the data requires a restart of GRB the central engine (i.e., a restart of accretion).
Fragmentations in the collapsing star (King et al. 2005) or in the outer parts of the accretion disk (Perna et al. 2005 ) have been suggested to be responsible for the observed episodic flaring behavior. The two flare models appeal to one of the basic ingredients of an accretion powered engine -the mass accretion rate -and conjecture that the episodic energy output is driven by changes in the mass supply and subsequently accretion rate. In this picture, the innermost part of the accretion flow and accretor respond passively to changes of the accretion flow at larger radii.
Here, we point out that the region in the vicinity of the accretor and the accretor itself can play an important role of determining the rate and time behavior of the accretion and the energy output. In particular, we conjecture that the energy release can be repeatedly stopped and then restarted, provided the mass supply rate decreases with time even if the decrease is smooth. For both merger and collapsar GRB models, a decrease of the mass supply rate is expected, especially in the late phase of activity, because the mass density decreases with increasing radius. In our model, we appeal of the fact that as mass is being accreted onto a BH, the magnetic flux is accumulating at the BH vicinity. Eventually, this magnetic flux must become dynamically important and affect the inner accretion flow, unless the magnetic field is very rapidly diffused. In the remaining part of the paper, we list and discuss theoretical arguments and results from a variety of numerical magnetohydrodynamic (MHD) simulations of accretion flows that support our model.
MAGNETIC MODEL FOR GRBS AND THEIR FLARES

Insights from numerical models
Generally, our model for the flares is based on the results from the numerical simulation of a MHD collapsar model for GRBs carried our by and the results from a number of simulations of radiatively inefficient, MHD accretion flows onto a BH (Proga & Begelman 2003, PB03 hereafter; Igumenshchev, Narayan, &Abramowicz 2003, INA03 hereafter) . performed time-dependent two-dimensional MHD simulations of the collapsar model. The MHD simulations included a realistic equation of state, neutrino cooling, photodisintegra-1 tion of helium, and resistive heating. The main conclusion from the simulations is that, within the collapsar model, MHD effects alone are able to launch, accelerate and sustain a strong polar outflow. The outflow is Poynting fluxdominated and this provides favorable initial conditions for the subsequent production of a baryon-poor fireball [e.g., Fuller, Pruet & Abazajian (2000); Beloborodov (2003); Vlahakis & Königl (2003) ; Mészáros (2002) ], or a magnetically dominated "cold fireball" [Lyutikov & Blandford (2002) ], though the specific toroidal magnetic field geometry Proga et al. derived differs from some of these models [e.g., Vlahakis & Königl (2003) ; Lyutikov & Blandford (2002) ]. Latest Swift UV-Optical Telescope (UVOT) observations indicate that the early reverse shock emission is generally suppressed (Roming et al. 2005) , which is consistent with that at least some GRBs are Poynting-fluxdominated outflows .
Ideally, one would like to follow the collapse of the entire star especially if one is interested in the flares. However, such calculations are beyond current computer and model limits. Therefore, we explore instead the implications of the published simulations and consider the physics of the collapsing star to infer the properties and physical conditions in the vicinity of a BH during the late phase of evolution, i.e., where a significant fraction of the total available mass is accreted.
The long time evolution of MHD accretion flows was studied by PB03 who explored the simulation very similar to that in but with much simplified physics (i.e., an adiabatic equation of state, no neutrino cooling or photodisintegration of helium). The early phase of the time evolution in both cases is very similar so is the dynamics of the innermost accretion flow. In particular, after an initial transient, the flow settles into a complex convolution of several distinct, time-dependent flow components including an accretion torus, its corona and outflow, an inflow and an outflow in the polar funnel. The accretion through the torus is facilitated by the magnetorotational instability (MRI, e.g., Balbus & Halwey 1991) and it dominates the dynamics of the inner flow.
The similarity between the results from the early phase of the evolution of the MHD collapsar simulations and of the radiatively inefficient MHD flows justify our approach of using the results from the late phase of the evolution of the latter as indicators of the late phase of the evolution of the former. We also justify our approach by noting the similarity in the overall physics of the two problems (see also below).
The late time evolution of the radiatively inefficient MHD flows shows that accretion through the torus can be interrupted for a short time by strong poloidal magnetic field in the vicinity of a BH. This result is the main motivation for this paper, as it shows that the extended central engine activity may be the result of an accretion flow modulated by the "magnetic-barrier" and gravity. Such a barrier can halt the accretion flow intermittently (see Figs. 6 & 8 in PB03) , resulting in an episodic accretion rate (see Fig.3 of PB03) . This potentially gives a natural mechanism for flaring variability in the magnetic-origin models of GRBs as we first mentioned in Fan, Zhang & Proga (2005) .
The importance of the accumulated magnetic flux have been observed and explored by others in various astrophys-ical contexts. In particular, INA03 carried out a threedimensional MHD simulation (their model B) for a long time. They found that the magnetic flux accumulates, initially near the BH and then farther out, and the field becomes dynamically dominant. At late time, mass is able to accrete only via narrow streams, in a highly nonaxisymmetric manner (see also Narayan, Igumenshchev & Abramowicz 2005) .
The main difference between PB03's and INA03's results is the extend and duration of the magnetic dominance. In PB03, the magnetic dominance is a transient whereas in INA03 is a persistent state. The reason for this difference is the treatment of the magnetic field: for the initial conditions, PB03 used the split magnetic field and any changes in the magnetic flux near the BH during the evolution is due to the chaotic, small-scale fields generated in the disk. In their model B, INA03 set up a poloidal field configuration in the injected gas in such a way that the portion of the material that accretes always carries in the same sign of the vertical component of the magnetic field. The simulations carried out by PB03 and INA03 do not explore all possibilities neither they give definitive answers to the problems they were designed for. However, they give interesting insights to the general problem of MHD accretion flows. In particular, they suggest that magnetic fields can provide an important parameter determining the time scale for the accretion, i.e., it can be longer than the local dynamical time scale. This can have important implications for the observed X-flares in GRBs, as we argue here, and X-ray spectral states for BH binaries as discussed by Spruit & Uzdensky (2005; SU05 hereafter) . In fact, the work by SU05 describes very well the general physics and theory of magnetic flux accumulated by an accretion flow. Therefore we turn now our attention to some theoretical aspects of the problem as presented by SU05.
Theory of the magnetic barrier and accretion flow
SU05 considered a new mechanism of efficient inward transport of the large-scale magnetic field through a turbulent accretion disk. The key element of the mechanism is concentration of the external field into patches of field comparable in strength to the MRI turbulence in the disk. They focused on how to increase the magnetic flux at the center in the context of BH binaries. In particular, they argue that the capture of external magnetic flux by accretion disk and its subsequent compression in the inner regions of the disk may explain both changes in the radiation spectrum and jet activity in those objects. However, their model and physical arguments are generic and applicable to our problem of hyperaccretion in the context of GRBs.
One can expect that as the strength of the magnetic field increases at the center, the field may eventually suppress MRI turbulence and reduce the mass accretion rate and the power in the outflow. This should be the case especially for GRBs because the mass accretion rate at the late time is most likely lower than at the early time as with time less and less dense, outer parts of the progenitor are being accreted. The disk may become a Magnetically-Dominated Accretion Flow (MDAF) as proposed by Meier (2005) or the fields in the polar funnel can expand toward the equator and reconnect as in PB03's simulations. In the latter, the torus is pushed outward by the magnetic field. At this time, the gas starts to pile up outside the barrier and eventually it can become unstable to interchange instabilities at the barrier outer edge as suggested by SU05 or the gas in the torus squashes the magnetic field (compare Figure 5 and 6 in PB05).
When interchange instabilities operate, magnetic flux from the bundle mixes outward into the disk while the disk material enters the barrier. Interchange instabilities have been studied by analytical as well as numerical means Lubow & Spruit 1995; Stehle 1996; Stehle & Spruit 2001) . These studies showed that the onset of small-scale modes typical of interchanges (as in Rayleigh-Taylor instabilities) takes place only at rather large field strengths, due to a stabilizing effect of the Keplerian shear and interchange instability operates but only at low shear rates (less than Keplerian). We expect the Keplerian shear in a torus for most of the time because the torus is Keplerian before it is pushed by the magnetic field and because a non-Keplerian torus quickly becomes Keplerian due to MRI [e.g., PB03 and Proga et al. (2003) ]. We note that SU05 interpreted INA03 accretion through the barrier, in the form of blobs and streams as a product of interchange instabilities.
SU05 also suggested that the field strength at which these instabilities become effective is most usefully expressed in terms of the degree of support against gravity provided by the magnetic stress B r B z . According to SU05, the instabilities become effective when the radial magnetic force is of the order of a few percent of the gravitational force. For B r /B z of order of unity, there is a range in field strengths between the value at which MRI turbulence is suppressed and the value where dynamical instability of the barrier itself sets in, where no known instability operates (Stehle & Spruit 2001) . In this range, no accretion can take place. Instead, mass builds up outside a region with such field strengths until the magnetic field at the center is compressed enough for instability to set in.
In summary, both numerical work and theoretical models of magnetized accretion flows show that the inner most part of the flow and accretor can respond actively to changes of the accretion flow at larger radii. In particular, the inner most accretion flow can be halted for a very long time as shown by INA03 or it can be repeatedly halted and reactivated as shown in PB03.
DISCUSSION AND CONCUSSIONS
The detail analysis of the X-ray flares revealed that the flares generally have lower luminosities (by at least one or two orders of magnitudes) than the prompt gammaray emission. Additionally, the total energy of the flare is also typically smaller than that of the prompt emission, although in some cases both could be comparable (e.g. for GRB 050502B, Falcone et al. 2005) . Moreover multiple flares are observed in some GRBs and the durations of these flares seem to be positively correlated with the epochs when the flares happen, i.e. the later the epoch, the longer the duration (O'Brien et al. 2005) . This is par-ticularly evident in GRB 050502B (Falcone et al. 2005) and the short-hard GRB 050724 (Barthelmy et al. 2005) . In both cases, there is an early flare (several 100s for GRB 050502B and several 10s for GRB 050724) whose duration is of the order of the peak time itself, and there is also a very late flare at several times 10 4 s, with a duration of the same order. The above qualitative properties of the flares provide important constraints of their models. Perna et al.'s (2005) disk fragmentation model promises to account for the duration -time scale correlation and the duration -peak luminosity anticorrelation. However, the physical process or processes causing fragmentation are uncertain. It is also uncertain that the conditions for the disk fragmentation are met in GRB progenitors. This seems to be the case especially for the collapsar model as a relatively high rotation of the progenitor is required. We also note that magnetic fields can suppress or even prevent disk fragmentation as shown in recent numerical simulations carried out by Banerjee & Pudritz (2005;  see also references therein)
Here, we propose that the X-ray flares in GRBs are consequences of the fact that during the late time evolution of a hyperaccretion system the mass supply rate should decrease with time while the magnetic flux accumulated around a BH should increase. In particular, we point out that the flux accumulated during the main GRB event can change the dynamics of the inner accretion flow. We argue that the accumulated flux is capable of halting intermittently the accretion flow. In our model, the episode or episodes when the accretion resumes correspond to X-ray flares. In general, our model fits under the general label of the magnetic jet model for GRBs as we appeal to the magnetic effects to play the key role not only during the main event but also during the late evolution. The importance of the magnetic effects for the X-ray flares can be argued based on energy budget of the accretion model (Fan, Zhang, & Proga 2005) .
The X-ray flares discovered in GRBs are relatively new and unexpected phenomena. Therefore, we refrain from trying to make detailed predictions. Instead, we finish this paper by pointing out that the revolutionary results from Swift give a strong incentive to apply the existing models of hyperaccretion systems to circumstances where the mass supply is reduced. This kind of studies should reveal whether one needs to introduce additional physics in order to explain the flares. If so one should explore the consequences of this on the early evolution of GRBs and check whether they are consistent with GRBs observations. Our X-ray flare model has this advantage that it is as the MHD collapsar model for GRBs but it only requires justifiably a change in one of the key physical properties of the collapsar model: a decrease of the mass supply rate with time.
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